We evaluated a simplified version of a previously developed QRS scoring system for estimating infarct size using observations of Q-and R-wave durations and R/Q and R/S amplitude ratios in the standard 12-lead ECG. Groups of subjects with a minimal likelihood of having myocardial infarcts and minimal likelihood of having common noninfarction sources of QRS modification were studied to establish the specificity of each of the 37 criteria. Only two criteria required modification to achieve 95% specificity. These 37 criteria form the basis of a 29-point QRS scoring system. A 98% specificity was achieved when a score of more than 2 points was required to identify a myocardial infarct.
MANY CLINICAL METHODS have been evaluated to determine their ability to estimate the size of myocardial infarcts. For determining the presence and location of infarcts, however, the 12-lead ECG remains the standard. Because it is universally available, noninvasive, inexpensive and easily repeatable, it is important to know the extent to which the ECG could be used for estimating infarct size.
Studies of the sequence of activation of both canine and human hearts' 2 have provided the basis for computer simulations that suggest an orderly and predictable sequence of changes in the QRS complex associated with infarcts of various locations and sizes.37 Through pilot studies in patients with localized wall motion abnormalities seen by ventriculography, Selvester et al. 8 refined the results of these computer simulations to produce both qualitative and quantitative criteria for determining infarct size. This study was designed to evaluate the specificity and reproduci- bility of those criteria that involve certain quantifiable aspects of the QRS complex.
Methods The QRS Scoring System
The size of a myocardial infarct is estimated electrocardiographically using this QRS scoring system to accumulate a point score. Ten ECG leads (1, II, aVL, aVF, V1,) are weighted according to their ability to reflect infarct size as established by Selvester et al. 3 8 Certain criteria in the original scoring system7' 8 are not evaluated. Qualitative criteria, such as slurs or notches, are not evaluated because of the difficulty of establishing definitions that can be applied uniformly to clinically performed ECGs from a large number of subjects. Criteria based on the absolute amplitude of a deflection are not evaluated because of the extent of variation of these amplitudes in the normal population." This leaves a simplified scoring system with 37 criteria that can be applied to the 10 leads; these criteria are based upon the durations and the ratios of the amplitudes of the QRS complex. The criteria that apply to each lead are translated into points. A maximum of 29 points can be accumulated (table 1) .
The primary observation in each lead is the duration of the initial Q or R wave, which is determined by reference to the 40-msec time lines. The amplitude of each deflection in the QRS is measured with handheld calipers.
When multiple criteria for either the duration or the amplitude ratio are present in a single lead, only the criterion that yields the most points is counted. For example, if the Q wave in lead aVF is 50 msec, only the 3 points for the Q wave of 50 msec or greater are 342 counted; points for shorter Q waves in that lead are disregarded. An amplitude ratio criterion is not applied if the ratio includes a Q or R wave that has not met a duration criterion in the same lead. For example, if the Q wave in lead I is less than 30 msec, the criterion of Rto-Q amplitude in lead I is not considered. However, an amplitude ratio that does not include a Q wave or an initial R wave, such as the R-to-S amplitude ratio in leads V,, V5 or V6, is considered regardless of whether the duration criterion is satisfied in that lead.
Specificity
The three groups studied were selected because of minimal likelihood of their having had myocardial infarcts. Using Hewlett-Packard three-channel recorders, standard 12-lead ECGs were obtained from 243 volunteers, as well as from 106 patients who underwent diagnostic cardiac catheterization. The volunteers included 146 males and females, ages 20-30 years, from Duke University Medical Center and 97 males, ages 45-55 years, from the University of Southern California. They had no history suggesting ischemic heart disease, diabetes mellitus or hypertension, and all had normal cardiovascular physical examinations. The catheterized group was studied at Duke University Medical Center for evaluation of chest pain. Their mean age was 44 years (range 17-63 years). They had no evidence of coronary arterial occlusive disease by selective angiography and had entirely normal left ventriculograms within 48-hours after the ECG. Patients with evidence of left or right ventricular hypertrophy, left or right bundle branch block, or left anterior (frontal-plane axis > 450) or posterior (frontal-plane axis . 1000) fascicular block were not included."0 A QRS score was determined for each of the 349 subjects by adding the points for each criterion that was satisfied. A specificity of at least 95% was arbitrarily established as the standard for the 37 criteria, and any criterion with less than 95% specificity was modified until it met this standard.
Observer Agreement
A standard 12-lead ECG was obtained from 50 patients 3 weeks after an acute myocardial infarct documented by elevated levels of isocreatine kinase. A Hewlett-Packard three-channel recorder was used. Each ECG was independently scored by three observersone trained technician and two cardiologistswho had experience applying the QRS scoring system. After an interval of at least 1 week, the ECGs were given to each observer to be scored another time. This format was followed initially using photocopies of the ECGs and subsequently using the original recordings.
Intra-and interobserver agreement of the overall QRS scoring system was assessed by variance components analysis. Each of the 37 criteria was also examined independently. The percentage of cases in which an observer agreed with his previous observation from the same ECG was determined for each criterion. The results for each observer were combined to determine overall intraobserver agreement.
To assess interobserver agreement, each reading by one observer was compared with all other readings of the same ECG by the other two observers. Thus, 12 pairs of readings were available for each criterion. The percentage of cases in which one observer agreed with another was determined for each criterion.
Results

Specificity
A total point score was determined for each of the 349 control subjects ( fig. 1 ). The distribution of QRS scores was similar in the volunteer and the catheterized groups. Three hundred twenty-five of the 349 subjects (93%) scored 0 or 1 points. Seventeen (5%) scored 2 points. Only seven of the 349 (2%) scored more than 2 points. Only one subject scored 4 points.
The specificity of each of the criteria for Q-and Rwave duration and R/Q or R/S ratios was determined (table 2). Specificities of 29 of the 37 individual criteria were either 99% or 100%. All of the criteria using Q-and R-wave duration achieved the required 95% specificity level. All but two of the criteria for amplitude ratios also achieved this standard. The criterion of R/S . 1.5 in lead V4 achieved 92% specificity and that of R/S < 3 in lead V5 achieved 343 VOL 65, No 92%. More restrictive criteria for these amplitude ratios were therefore required to satisfy the 95% specificity requirements. Use of R/S < 1.0 in lead V4 and R/S < 2.0 in lead V5 yielded specificities of 98% and 97%. Table 3 shows the modified 29-point QRS scoring system. A specificity of at least 95% was achieved for each of the 37 criteria. The single-point R/Q criteria in leads V4 and V5 were modified, in addition to the single-point R/S criteria, to simplify the scoring system.
Observer Agreement
The range of scores awarded to the 50 ECGs in the observer agreement test set was 0-17. The performances of the observers did not differ significantly when evaluating the photocopied and the original sets of ECGs. Therefore, only the performances on the original ECGs are presented. Variance components analysis yielded the following estimates of variability of overall scores: SD of scores within observers = 0.594; and SD of scores between observers = 0.624. The agreements within and between observers in estimating overall scores are shown in figures 2 and 3. The mean intraobserver agreements for the 37 criteria by the three scorers were 99%, 97% and 97%. The intraand interobserver agreements. using each of the 37 criteria are presented in table 4. Each of the criteria achieved greater than 90% intraobserver agreement and greater than 91% interobserver agreement.
Discussion
The ECG has become an essential element in the diagnosis and management of patients with ischemic heart disease." Early validation of its value in predicting the presence of coronary artery disease and for diagnosing, localizing and sizing myocardial infarcts depended on experimental animal studies and post- (2) Q>30
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The number of points awarded for meeting each criterion is in parentheses. mortem examinations.'2 Because selective coronary artery cineangiography is widely available for determining the presence or absence of obstructive coronary artery disease, recent reviews have tested the sensitivity and specificity of the ECG against catheterization findings.
In a review of 1000 patients who underwent coronary arteriography at the Cleveland Clinic Foundation, Proudfit et al.'5 demonstrated that almost all patients with QRS changes diagnostic of a myocardial infarction also had significant coronary artery obstruction (174 of 176; 99%).15 This association was less striking in patients with nondiagnostic QRS changes (34 of 50; 68%) and in patients with only STsegment and T-wave changes (six of 19; 32%). Many other investigators have tested the sensitivity and specificity of the routine ECG. 16' 17 Although certain limitations have been demonstrated, it is remarkably useful.
Although the relationship among the ECG, myocardial infarction, coronary anatomy, and myocardial function is well established, the strength of this relationship requires further definition. In 1977, Awan et al."8 studied 48 patients within 3 months of acute myocardial infarction. All patients had Q-wave mapping with a 35-lead precordial ECG blanket performed within 24 hours of cardiac catheterization. The number of pathologic Q waves (2 0.04 second) detected by the 35-lead precordial blanket was designated the Q index. The Q index correlated well with hemodynamic variables predictive of myocardial infarct size.
Askenazi et al.'9 attempted to correlate the number of Q waves in the 12-lead ECG with indexes of left ventricular function derived from catheterization. They studied 73 patients with coronary artery disease, 60 of whom had abnormal Q waves. Although the number of Q waves alone did not reliably predict left ventricular function, the sum of the R-wave amplitudes calculated from the six precordial leads and two augmented leads correlated with left ventricular ejection fraction. Ideker et al. 20 showed that the ejection fraction correlates inversely with the size of old, Using another approach to estimate infarct size from the ECG, Selvester and co-workers' developed a QRS scoring system from knowledge of the normal sequence of ventricular depolarization in dogs. They first used this information to develop a computer simulation of normal human ventricular activation using 20 dipoles to represent various segments of the heart (seven for the septum, nine for the left ventricle, and four for the right ventricle.)3 Four electrodes were placed around this "heart" to act as a vectorcardiographic (VCG) recording system. When normal activation was simulated, the model produced tracings resembling normal VCGs; by increasing the strengths of dipoles representing the left or right ventricular segments, the model could produce VCGs resembling left or right ventricular hypertrophy. Selvester and associ-ates4 5 found that VCGs resembling those seen after infarction could be produced by eliminating or decreasing the strengths of one or more of the 20 dipoles to simulate the loss of electrically active muscle in an old myocardial infarct. When as little as 0.1% of the left ventricle was eliminated from the production of the signal, notches or bites were produced in the VCG. This model was subsequently expanded to generate the standard 12-lead ECG and the body surface map in a simulated male human torso.6 Criteria for the quantitation of myocardial infarcts from the ECG were developed from this model. 7 Durrer et al.2 reported the normal activation sequences of seven isolated, perfused hearts obtained from patients who died from cerebral destructive processes. The sequences were similar to those in the dog. Selvester and co-workers made use of this activation sequence to develop the model from which the QRS scoring criteria evolved. Further refinement of the criteria was based on the location, degree and extent of akinesis in biplane ventriculograms from 100 patients with documented infarcts and proximal coronary occlusion.
The present study shows that the simplified Selvester QRS scoring system achieves an acceptable level of specificity when confounding variables such as left or right ventricular hypertrophy, left or right bundle branch block, or left anterior or posterior fascicular block are not evident on the ECG. Each criterion exhibited at least 95% specificity and the total 29-point scoring system achieved 98% specificity when a score of more than 2 points was required for identification of infarction. The confounding variables noted above will probably diminish the specificity, thus limiting the value of this scoring system for identifying and sizing infarcts in some patients. However, the specificity must be established. Certain of the criteria may retain their importance in the presence of other factors that can alter the QRS complex.
The QRS scoring system also permits acceptable levels of both intra-and interobserver agreement. Each of the 37 criteria achieved 91% or greater intraobserver agreement and 92% or greater interobserver agreement. The criteria that were associated with the lowest level of agreement were those that required the identification of any Q wave (V,) or of 20-or 30-msec Q or R waves. Appearance of a minimal initial positive deflection in lead V1 might be considered baseline noise by one observer and a true R wave by another. Accurate identification of 20-or 30-msec deflections may be somewhat more difficult than identification of 40-msec Q or R waves because of the 40-msec time lines on standard ECG paper.
Machines that record three leads simultaneously facilitate measurements by allowing reference among leads for identifying the onset of Q and R waves. Scoring can be reproducibly performed even when a photocopy of the original tracing is used. However, reference to the calibration signal must indicate that there has not been excessive filtration of the signal obscuring the wave forms. Accurate measurement would be facilitated if paper speed were increased to 50 mm/sec rather than 25 mm/sec. However, the level of agreement achieved in the present study suggests that CIRCULATION 346 standard electrocardiographic techniques provide satisfactory results.
The value of the QRS scoring system depends on its degree of sensitivity and on how well it can estimate the size of myocardial infarcts. These questions are being investigated. Studies should also be performed to evaluate sequential changes in the QRS complex occurring on serial ECGs during the early phases of acute infarction and later during the period of gradual resolution of these changes.
In conclusion, the QRS scoring system is specific. Even Q waves as small as 20 msec in some leads and 30 msec in other leads of a standard ECG are rarely present in normal controls. Both intra-and interobserver agreements are acceptable.
